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SUMMARY 
On-call work is becoming an increasingly common work pattern, yet the human impacts of 
this type of work are not well established. Given the likelihood of calls to occur outside 
regular work hours, it is important to consider the potential impact of working on-call on 
stress physiology and sleep. The aims of this review were to collate and evaluate evidence on 
the effects of working on-call from home on stress physiology and sleep. A systematic search 
of Ebsco Host, Embase, Web of Science, Scopus and ScienceDirect was conducted. Search 
terms included: on-call, on call, standby, sleep, cortisol, heart rate, adrenaline, 
noradrenaline, nor-adrenaline, epinephrine, norepinephrine, nor-epinephrine, salivary alpha 
amylase and alpha amylase. Eight studies met the inclusion criteria, with only one study 
investigating the effect of working on-call from home on stress physiology. All eight studies 
investigated the effect of working on-call from home on sleep. Working on-call from home 
appears to adversely affect sleep quantity, and in most cases, sleep quality. However, studies 
did not differentiate between night’s on-call from home with and without calls. Data 
examining the effect of working on-call from home on stress physiology were not sufficient 
to draw meaningful conclusions. 
KEYWORDS 
On-call; standby; sleep quality; sleep quantity; hypothalamo-pituitary adrenal axis; cortisol; 
sympatho-adrenal medullary system; sleep.  
ABBREVIATIONS 
EPHPP: Effective public health practice project  
PRISMA: Preferred reporting items for systematic reviews and meta-analyses  
SD: Standard deviation 
1. INTRODUCTION 
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Prolonged and irregular work hours are becoming increasingly common in modern society 
[1-4]. Although there is a large body of research investigating irregular work patterns, such as 
shift work, one form of irregular work scheduling that has received relatively limited 
attention to date is ‘on-call’ (or standby) work [5]. During on-call periods, workers must be 
available at short notice, and are often called to work outside ‘regular hours’ [6]. This type of 
scheduling is typically used to provide 24-hour coverage, seven days a week and is utilised 
when the workload is such that there is no need for personnel to be ‘present’ for an entire 
shift [5]. Recent data show that approximately 25% of the Australian workforce [7], 
approximately 50% of German organisations [8] and 20% of the European Union [2] 
regularly operate with on-call or standby as part of their normal work schedule.  
On-call work scheduling varies between occupations, with two main types defined in the 
literature [5]. One form is where employees remain on site whilst on-call and are usually 
provided a place to sleep [5, 9, 10]. Studies have investigated the effect of working on-call on 
site in doctors [11-13], ships’ engineers [14], railroad engineers [15], medical helicopter 
pilots [4], and salaried firefighters [16]. In the second form of on-call work, employees are 
able to leave their place of employment and are called if required [5, 6, 17]. For brevity, this 
form of on-call work will be termed ‘on-call from home’ in this review, although it should be 
noted that personnel may not be physically at home whilst on-call, and may in fact be at a site 
of other employment. This form of on-call work is particularly relevant to fire and emergency 
service workers [17] and maintenance utility workers [18, 19], as well as some doctors [20-
23], nurses [24] and midwives [5]. This second form of on-call work is the focus of this 
review.  
Although on-call from home scheduling is less expensive for employers than providing full 
shift coverage on site, it may still come at a human cost [25]. Given that on-call work occurs 
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‘around the clock’, it is likely that sleep and circadian disruptions occur in populations 
working on-call from home. One inherent difference between on-call work and other forms of 
shift work is the unpredictability of when a call may occur. This unpredictability poses a 
unique work environment that is not faced by those working set shifts and has been identified 
as a factor that may inhibit workers’ ability to “switch off” and attain a cognitive distance 
from work when on-call from home [6, 17]. This has the potential to affect the lives of on-
call workers by adversely impacting on their family time, social life, stress levels [5, 17, 25, 
26], and consequently, further disrupting their sleep.  
Several studies have shown that being on-call from home results in higher subjective stress 
levels than when not on-call [6, 27-31]. For example, Sutherland and Cooper [32] showed that 
doctors found night calls and interruption to family life highly stressful. Similarly, French et 
al. [28] found that doctors’ subjective stress levels were higher when on-call than when off 
duty and Rout [30] discovered that the uncertainty of being on-call and the on-call commitment 
was a source of unhappiness for on-call doctors. It is possible that the uncertainty associated 
with the unpredictability of calls may increase physiological stress. Repeated exposure to 
elevated physiological stress could ultimately impair the health of on-call workers. When a 
stressor occurs, two main physiological stress systems are activated: the sympatho-adrenal 
medullary system and the hypothalamo-pituitary adrenal axis. If the stressor is prolonged, 
repeated or uncontrollable the physiological stress response may become inadequate, and 
ultimately, result in adverse health problems. For example, stress-induced cortisol 
dysregulation has been positively associated clinical depression [33, 34], cardiovascular 
disease [35, 36], Type 2 diabetes and stroke [35], and dysregulation of the sympatho-adrenal 
medullary system has been positively associated with asthma [37] and atherosclerosis [38]. 
Therefore, it is important to establish whether the sympatho-adrenal medullary system and/or 
the hypothalamo-pituitary adrenal axis are affected when working on-call from home. 
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Calls may occur at any time of the day or night, and have the potential to impact sleep 
(Figure 1). The curtailment and/or interruption of sleep may potentially affect the safety of 
on-call workers. Research shows that a reduction in sleep of just 30 min per night may result 
in acute performance decrements, such as a slower reaction time and reduced vigilance over 
time [39]. Furthermore, chronic sleep deprivation and sleep restriction have been shown to 
have adverse effects on health. Deleterious effects include increased neurobehavioral deficits, 
blood pressure, body mass index and obesity, adverse cardiovascular events, elevated 
inflammatory markers and impaired glucose tolerance [40, 41]. Consequently, it is important 
to understand the effect of working on-call from home on sleep.  
Studies investigating performance during/following on-call from home provide further 
evidence for why this topic is important. A retrospective analysis by Benson et al. [42], 
demonstrated significantly lower adenoma detection rates in procedures performed by 
gastroenterologists who had been “called in” (we assume on-call from home) for emergency 
procedures the previous night, compared to when procedures were performed by 
gastroenterologists who had not been on-call the previous night. Another study, not 
specifically investigating on-call work, found that there were more complications in cases the 
day after a night with a sleep opportunity of six hours or less compared to when doctors had a 
sleep opportunity of more than six hours [43]. Although measurement of performance is 
outside the scope of this review, this research highlights why it is important to understand the 
sleep and stress of workers operating on-call from home. 
There is some evidence to suggest that there is a bidirectional interaction between sleep and 
stress physiology [44, 45]. A review of the interaction between stress and sleep suggests that 
hyperactivity of the hypothalamo-pituitary adrenal axis can result in sleep fragmentation, 
decreased slow wave sleep and reduced total sleep time [46]. Sleep disturbances may also 
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contribute to hypothalamo-pituitary adrenal axis dysfunction [46]. Several studies 
investigating the effect of working on-call on site have shown that sleep is adversely affected 
prior to a call occurring [14, 47-49]. It has been purported that the poorer sleep is due to the 
stress or anticipation of a call [6, 14, 17, 47, 48]. We contend that a similar relationship exists 
between sleep and stress when operating on-call from home (Figure 1). Other external factors 
such as wakefulness at inappropriate biological times, may disturb the synchrony of the 
circadian rhythm and result in impaired cognitive function [50, 51].  However, these factors 
are outside the scope of the review and are not included in the model. 
Given, the potential interaction between sleep and stress and the possible adverse health and 
safety outcomes that could occur as the results of on-call work, it is important to establish 
whether working on-call from home is detrimental to stress physiology and sleep. To this 
end, this review systematically critiqued previous research investigating the effect of working 
on-call from home on the stress physiology and sleep of workers. Describing the evidence-
base for the consequences of this increasingly prevalent work schedule will help to inform 
on-call practices and the health and safety systems that support on-call workers.  
2. METHODOLOGY 
2.1 Search strategy 
This review was informed by the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement [52]. A systematic search of the electronic databases 
Ebsco Host (searching Academic Search Complete, CINAHL, MEDLINE Complete, 
Psychology and Behavioral Sciences, PsycINFO and SPORTDiscus), Embase, Web of 
Science, Scopus and ScienceDirect was used to identify relevant English-language peer-
reviewed studies published between January 1960 and April 2015. The key words used for 
the search were: on-call, on call, and standby searched together with sleep or with stress 
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physiology related terms that included: cortisol, heart rate, adrenaline, noradrenaline, nor-
adrenaline, epinephrine, norepinephrine, nor-epinephrine, salivary alpha amylase and alpha 
amylase. Reference lists from retrieved articles were examined to identify any additional 
relevant articles and conference papers that were not discovered in the original search. 
Identification of relevant conference abstracts resulted in follow up searches to locate related 
full-text articles.  
2.2 Eligibility criteria 
To be included in this systematic review, studies were required to investigate workers who 
operate in an on-call environment and who are able to leave their site of employment whilst 
on-call (i.e. work on-call from home). Outcome variables of interest were objective measures 
of sleep, such as polysomnography or activity monitors, subjective measures of sleep, 
collected from sleep diaries or surveys and measures of stress physiology including cortisol, 
salivary alpha-amylase, epinephrine (adrenaline), norepinephrine (noradrenaline) and/or heart 
rate.  
Titles and abstracts of search results were screened for relevance to on-call work and 
potentially relevant articles were accessed to review the full text. Articles were restricted to 
studies that identified workers as able to leave their site of employment whilst on-call. 
Studies were excluded if the on-call work was performed on site, if they did not state where 
the on-call period occurred, or if they were both on-call on site and from home but did not 
differentiate between the two forms of on-call work in their analysis. Conference abstracts 
were also excluded from the review. Screening, data extraction and quality assessment was 
performed independently by two authors (SJH and GEV), with discrepancies resolved 
through discussion between authors. If no agreement could be reached, differences were 
resolved by discussion and consensus with a third author (BA).  
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2.3 Data extraction 
A data extraction sheet was developed based on the cochrane consumers and communication 
review group’s data extraction template [53]. Extracted information included: 1) 
Characteristics of trial participants, including age, sex and occupation; 2) Type of study; 3) 
Outcome measure(s); and 4) Major findings of the study.  
2.4 Quality assessment 
The methodological quality of each study in the review was assessed using the Effective 
public health practice project (EPHPP) quality assessment tool for quantitative studies [54]. 
Based on the quality assessment, a global quality score was assigned to each study. The 
global score of a study was determined by the number of strong, moderate and weak scores in 
the subsections of the assessment tool (selection bias, study design, confounders, blinding, 
data collection method, withdrawal and dropout). To obtain a ‘strong’ global score a study 
needed to obtain four or more strong ratings and no weak ratings, a ‘moderate’ global score 
required less than four strong ratings and no more than one weak rating, and a ‘weak’ global 
score occurred when a study had two or more weak ratings.  
3. RESULTS 
3.1 Literature Selection Overview 
A flow diagram summarising the selection process is shown in Figure 2. The original search 
yielded 3,173 English-language articles. Of these, 984 were identified as duplicates and 
removed. A further 1,896 were rejected during initial screening as they did not relate to on-
call work. Of the remaining 293 articles, 112 were excluded for relating only to on-call on 
site, 147 were excluded because the study did not specifically state that workers were able to 
leave their place of employment whilst on-call, 11 were excluded because workers were both 
on-call on site and on-call from home, but the study did not differentiate between the two 
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forms of on-call work in the results and 13 were rejected for not reporting relevant outcomes 
(including review articles relating to on-call from home). Finally, two studies were rejected 
as they were conference abstracts and no corresponding full-text versions were available. 
Consequently, the final number of studies included in this systematic review was eight 
(Figure 2).  
3.2 Study characteristics 
Study characteristics and key findings of the eight studies are summarised in Table 1. In the 
four studies that reported age as a mean, participant age ranged from 39 to 44 years. Two 
other studies reported the percentage of participants in specified age ranges, in one, most 
(71%) participants were aged 30-49 years and in the other, most (59%) participants were 
aged 25-44 years. Two studies did not report the age of participants. Sample sizes ranged 
from 24 to 994. Imbernon et al. [19] conducted a case-control study, but also analysed the 
results within the on-call group separately. Results from both the case-control and the on-call 
cohort components of this study are included in this review.  
The quality assessment scores given to each study based on the EPHPP quality assessment 
tool for quantitative studies [54] are presented in Table 2. The study by Imbernon et al. [19] 
was rated twice, both as a case-control and as a cohort study. The two arms of the study by 
Imbernon and colleagues [19] were rated ‘moderate,’ with the seven [6, 15, 18, 21-23, 26] 
remaining studies rated as ‘weak’. 
3.3 Stress physiology of on-call from home workers 
Only Bamberg et al. [6] investigated the effect of working on-call from home on stress 
physiology. These authors observed no significant effects of being on-call from home on 
evening cortisol levels in a single cohort of 31 information technology workers (30 male and 
one female) compared to when not on-call, regardless of whether or not workers were called 
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to work [6]. The saliva sample for cortisol analysis was taken in the evening, prior to bed [6]. 
Only samples collected between 2100 h and 0100 h were included in the analysis, 
representing 88.3% of the samples [6]. Although this study controlled for potential 
confounders and reported withdrawals and dropouts, it did not report the validity or reliability 
of collection methods, resulting in a ‘weak’ rating based on the EPHPP quality assessment 
tool for quantitative studies [54; Table 2]. 
3.4 Sleep quantity of on-call from home workers 
Six studies investigated the effect of working on-call from home on sleep quantity [15, 18, 
19, 21-23]. Of these, three studies investigated the effect of working on-call from home 
compared to when not on-call [15, 18, 19]. The remaining three studies investigated the sleep 
quantity of workers operating on-call from home, but did not make comparisons to when not 
on-call [21-23]. 
Two of the three studies that compared sleep quantity when on-call from home to when not 
on-call found reductions in sleep quantity when on-call from home [15, 19]. Pilcher and 
Coplen [15] found that when utilising self-report activity logs, railroad engineers total sleep 
time was approximately 1 h shorter when on-call from home compared to workers on regular 
work assignments (i.e. not on-call). Similarly, Imbernon et al. [19] found that gas and 
electricity supply company supervisors slept an average of 36 min less when on-call 
compared to when not on-call. In contrast, Cebola and colleagues [18] detected no difference 
in the sleep quantity of Network Rail infrastructure maintenance managerial staff when on-
call from home compared to when not on-call. It should be noted that Imbernon et al. [19] 
also found no differences in overall sleep quantity when comparing the sleep of gas and 
electricity supply company supervisors who work on-call from home to a matched cohort 
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who did not work on-call [19]. None of these studies compared the sleep quantity of workers 
when on-call with a callout compared to when on-call without a call.  
The remaining studies all investigated the sleep of on-call doctors. Schauberger et al. [23] 
found that 13% of obstetricians in Wisconsin who operated on-call from home felt that sleep 
deprivation was an occasional or frequent concern. O’Grady et al. [21] found that that 
surgical trainees in Australia and New Zealand self-reported a median total sleep time of 5-7 
h per shift. Finally, Richter and colleagues [22] investigated the effect of the European 
Working Time Directive on physicians sleep. This directive resulted in a new policy that 
restricted the number of hours hospital physicians’ in Germany could work to a maximum of 
48 h (on average) per week [22]. This study found that doctors self-reported sleeping 1 h 36 
min ± 2 h 16 min (mean ± standard deviation) less in 2007, after the implementation of the 
directive, compared to in 1997, before the directive was in place [22]. It is likely, that the 
implementation of the directive resulted in an increased in doctors operating on-call from 
home. All of the studies investigating the sleep quality of workers operating on-call from 
home relied exclusively upon subjective measures, such as sleep logs. In addition, only the 
study by Imbernon et al. [19] was rated ‘moderate’ using the EPHPP quality assessment tool 
for quantitative studies [54], with all other studies that investigated sleep quality [15, 18, 21-
23] being assessed as ‘weak’ (Table 2). 
3.5 Sleep quality of on-call from home workers 
Six studies reported the sleep quality of on call from home workers [6, 18, 19, 21, 22, 26]. 
Three of these studies investigated the effect of working on-call from home compared to 
when not on-call [6, 18, 19]. Two of the three found that some aspects of sleep quality were 
worse when on-call from home [18, 19]. The final three studies investigated sleep difficulties 
or interruptions to sleep, but did not compare on-call from home to when not on-call [21, 22, 
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26]. 
Two studies used single-item scales to assess subjective sleep quality [6, 18]. Bamberg et al. 
[6] used the question "How did you sleep last night?" rated on a 5-point scale developed by 
Funck [55] to assess sleep quality. This study found that subjective sleep quality was no 
different when on-call from home compared to when not on-call. In contrast, Cebola et al. 
[18] found that subjective sleep quality, measured from 1 = “very good” to 5 = very poor”, 
was significantly worse during an on-call week (2.52 ± 0.6; mean ± SD) compared to a week 
when not on-call (2.01 ± 0.77; p < 0.05).  
Two studies investigated self-report sleep latency when on-call from home compared to when 
not on-call [18, 19]. Cebola et al. [18] observed no differences in self-reported sleep latency 
of rail maintenance workers when on-call from home. These findings contrast those of 
Imbernon et al. [19], who found that 99% of the gas and electricity supply company 
supervisors that participated in the study reported that it took longer to fall asleep when on-
call from home. Imbernon and colleagues [19] established that 28% of workers took more 
than 30 min to get to sleep when on-call from home compared to 14% during ‘normal’ 
weeks, when not on-call. The authors did not report whether this was significantly different, 
although chi square tests, performed by the authors of this review, reveal that these results are 
significantly different (p = 0.008). It should be noted that when Imbernon et al. [19] 
compared the overall sleep of workers who operate on-call from home (combining the on-call 
week with two weeks not on-call) to workers who do not operate on-call, no differences were 
observed in overall self-reported sleep latency.  
One study also included measures that related to waking during the sleep period and feelings 
upon awakening [19]. Imbernon et al. [19] found that participants more frequently reported 
difficulty in getting back to sleep after being woken up and tiredness in the morning during 
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the on-call weeks compared to when not on-call. However, there was no difference in the 
difficulty in getting back to sleep after being woken up between workers who operate on-call 
from home and workers who do not operate on-call [19]. Imbernon et al. [19] also found that 
participants were more tired in the mornings whist on-call from home compared to when not 
on-call. Although, when workers on-call from home were compared to workers who did not 
operate on-call, no differences were observed [19]. Pilcher and Coplen [15] used a 4-point 
scale (1 = well rested to 4 = not at all rested) and also found no differences in how rested 
participants felt upon awakening when on-call from home compared when not on-call.  
The remaining three studies compared sleep quality of on-call workers in 1997 to 2007 [22], 
sleep difficulties of working doctors to retired doctors [26], or the median uninterrupted sleep 
period of on-call doctors [21], but lacked comparisons to when not on-call. Chambers and 
Belcher [26] compared reported sleep difficulties of working and retired general practitioners. 
This study found that 47.6% of working general practitioners reported sleep difficulties 
compared to 27.3% of retired doctors [26]. While, the authors did not report whether this 
difference was significant, a chi square test, performed by the authors of this review, revealed 
that these results were significantly different (p = 0.03). The peak age for reported sleep 
difficulties in this study was 40-49 years, with 54.5% of 40-49 year-olds reporting difficulty 
sleeping [26]. Richter and colleagues [22] investigated the sleep quality of German hospital 
physicians while on-call from home and found that interruptions to sleep increased 
significantly from 0.7 ± 0.9 (mean ± SD) interruptions per sleep in 1997 to 1.0 ± 1.1 
interruptions per sleep in 2007, following the implementation of the European Working Time 
Directive. Finally, O’Grady et al. [21] and colleagues reported that the median uninterrupted 
sleep of surgical trainees in Australia and New Zealand was 3-5 h/shift. However, no 
comparisons were made to when not on-call or to other populations. 
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4. DISCUSSION 
This review highlights that there is limited research investigating the effect of working on-
call from home on stress physiology and sleep. There is insufficient evidence to determine 
whether working on-call from home has detrimental effects on stress physiology. 
Consequently, further research is required before more meaningful conclusions can be made. 
The limited evidence suggests that working on-call from home impairs sleep and that 
individuals may perceive changes to both sleep quantity and quality when operating on-call 
from home.  
In the only study that investigated the effect of working on-call from home on stress 
physiology [6], Bamberg et al. [6] reported that there were no differences in evening salivary 
cortisol levels when on-call from home compared to when not on-call. This lack of finding is 
surprising given the research suggesting subjective stress is heightened when on-call from 
home [27-31]. It is unclear whether this indicates that the hypothalamo-pituitary adrenal axis 
is not affected or whether, as the authors suggested, it is a consequence of the sampling time 
utilised in this study [6]. Interestingly, this study also found no difference in sleep quality 
when operating on-call from home [6]. Given the effect of sleep on hypothalamo-pituitary 
adrenal axis functioning [56, 57], it is possible that if sleep had been affected, as was the case 
in other studies identified in this review, the stress response may have also been altered. No 
study to date has investigated the effect of working on-call from home on the sympatho-
adrenal medullary system. Given that sympatho-adrenal medullary system and hypothalamo-
pituitary adrenal axis dysregulation are both positively associated with adverse health 
outcomes [33-36, 38], it is important that the effect of working on-call from home on both 
stress systems are investigated.  
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The major shortcoming of the study by Bamberg et al. [6] is that, given the diurnal rhythm of 
cortisol, having a 4-h window for saliva collection may have introduced variability into the 
results. The circadian rhythm of cortisol means that the timing of the saliva collection is 
critical in order to make comparisons between days. Typically, saliva samples are collected 
based on either time of awakening [58-61] or time of day [62-65]. The samples in this study 
were collected “before going to sleep” and, as such, may have been at different times on 
different days, limiting the conclusions that can be drawn. Another major shortcoming of this 
study is that it did not compare cortisol responses on days where workers were on-call with 
call outs to days when on-call without call outs. Future research, involving several 
measurement points across the day, and differentiation between on-call days with and without 
calls, will provide a more comprehensive understanding of the hypothalamo-pituitary adrenal 
axis response to operating on-call from home.  
Although two studies found that workers report sleeping less when on-call from home 
compared to when not on-call [15, 19], none of the existing studies differentiated between 
nights on-call with and without calls [15, 18, 19]. It is possible that this can explain some of 
the inter-study differences in the reported sleep reduction when on-call. When calls occur 
during sleep, sleep is inevitably disrupted and there is less opportunity for sleep. However, 
even without calls, the duty of being on-call from home could still disrupt sleep [17]. 
Previous work investigating sleep quantity when on-call on site suggests that sleep is reduced 
even when no calls occur [14, 20]. It remains unclear whether this also occurs when on-call 
from home.  
While Imbernon and colleagues [19] found that sleep was reduced when working on-call 
from home, when the overall sleep of workers who operate on-call from home (one week on-
call and two weeks not on-call) was compared to workers who do not work on-call there was 
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no overall difference in sleep quantity. This suggests that workers may obtain more sleep 
during periods when not on-call to compensate for the loss of sleep during on-call periods. 
However, some workers who operate on-call from home, for example, volunteer fire and 
emergency service workers do not have periods where they are not on-call, which may have 
implications for health and safety. Alternatively, it is possible that the inclusion of the two 
weeks of data where on-call workers were not on-call in the comparison could have washed 
out the effects of the on-call week or that the differences were observed due to between 
subject differences in the rating of sleep. 
Another surprising finding was that the sleep of German doctors had reduced since the 
implementation of the European Working Time Directive, which resulted in the restriction of 
work hours to a maximum of 48 h (on average) per week [22]. It is possible that this resulted 
in more time on-call from home, and increased transit time between the hospital and home. It 
may also be impacted by an increased number of people visiting emergency departments [66, 
67] and therefore a likely increase in the number of calls. If call patterns or working 
arrangements change to increase call frequency or the proportion of time that workers are on-
call, it is likely that sleep disruptions will also increase.  
Research suggests that it is not only the quantity of sleep but also the quality of sleep that 
may adversely impact health [68]. While subjective sleep quality generally appears to be 
affected when working on-call from home compared to when not on-call, one study found no 
difference in sleep quality [6] and others found differences in some measures but not others 
[18, 19]. One possible explanation for the differences in the quality of sleep workers obtained 
in different studies is the inherent requirements of the job, which may vary across different 
occupations and locations. Factors that may affect the ability to sleep when on-call could 
include how likely it is for a call to occur, the method by which workers are notified of a call 
 
 
17 
(e.g., how loud the alert is) and what is required of the worker when called (e.g., providing a 
brief answer over the phone versus being called in to attend a large-scale emergency incident) 
[17, 49, 69]. These factors may have different influences on the components of sleep quality 
(e.g., sleep latency, ability to stay asleep, ability to return to sleep after waking) and may 
provide an explanation for variances in the results. Alternatively, the differences observed 
might be a result of the different tools utilised to collect data, with some not being validated 
measures of sleep quality. Future research should aim to investigate a range of occupations, 
using valid and reliable tools to determine whether sleep quality is affected when working on-
call from home. 
Importantly, none of the sleep studies in this review used objective measures of sleep and, as 
a result, rely solely on subjective measures of sleep quantity and quality. Although sleep 
diaries have been shown to provide similar data to actigraphy for sleep duration, and sleep 
timing, they are less accurate for the number and durations of night-time awakenings, 
reporting fewer and shorter awakenings [70]. Given that nocturnal awakenings are common 
in on-call work, rigorous studies, using objective measures are required to determine whether 
workers operating on-call from home do in fact sleep differently to when not on-call. Another 
limitation associated with the studies included in this review is their quality, rated using the 
EPHPP quality assessment tool for quantitative studies [54]. The review found that no studies 
were rated ‘strong’ and only the study by Imbernon et al. [19] was rated ‘moderate’, with all 
remaining studies [6, 15, 18, 21-23, 26] being assigned a ‘weak’ rating. Future studies should 
employ and report rigorous methodological designs, such as using valid and reliable 
measures and undertaking comprehensive statistical analyses, to improve the quality ratings 
of studies. 
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It should be noted that there are limitations associated with the review itself. The primary 
limitation is that the quality and value of the review is directly related to the quality of the 
primary research it covers. Given the studies were predominantly rated ‘weak’ using the 
EPHPP quality assessment tool for quantitative studies [54] framework, the quality of the 
research investigating the effect of working on-call from home prevents definitive 
conclusions from being drawn. In addition, the review may be affected by publication bias, as 
only published research in English language were included. Thus, some relevant research 
may not have been included in the review.  
To date, there is not enough evidence to confirm or refute the proposed model in Figure 1. 
However, although the results are limited, it appears that sleep quantity and quality may be 
impaired when working on-call from home and that the ability to go to sleep, stay asleep and 
return to sleep after awakening are all reduced. There is a need for more in depth studies that 
focus on utilising objective measures of sleep and that differentiate between nights with and 
without calls. Furthermore, more rigorous studies are required to investigate the effect of 
working on-call from home on the sympatho-adrenal medullary system, to provide a more 
comprehensive understanding of the hypothalamo-pituitary adrenal axis and to establish if 
there is an interaction between sleep and stress when working on-call from home.  
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Practice Points 
1. One study investigated the effect of working on-call from home on stress 
physiology; 
2. There is insufficient evidence to determine whether working on-call from 
home affects stress physiology; 
3. Eight studies examined the effect of working on-call from home on sleep; 
4. It appears that working on-call from home may impair sleep quantity and 
quality. 
Research Agenda 
Future research should: 
1. Use objective tools to evaluate the effect of working on-call from home 
on sleep quantity and quality; 
2. Differentiate between nights when workers are on-call from home with 
and without calls in analyses; 
3. Investigate the effects of working on-call from home on the sympatho-
adrenal medullary system and diurnal profile of cortisol; 
4. Establish whether there is an interaction between stress physiology and 
sleep when operating on-call from home. 
 
 
20 
ACKNOWLEDGEMENTS 
The authors would like to acknowledge Dr. Alexander Wolkow from Deakin University for 
his guidance in the quality assessment phase of the systematic review. 
CONFLICTS OF INTEREST 
The authors declare we are not aware of any actual or potential conflict of interest including 
any financial, personal or other relationships with other people or organizations within three 
(3) years of beginning the work submitted that could inappropriately influence, or be 
perceived to influence, their work.  
 
 
21 
REFERENCES 
[1] Ferguson SA, Thomas MJ, Dorrian J, Jay SM, Weissenfeld A, Dawson D. Work hours 
and sleep/wake behavior of Australian hospital doctors. Chronobiology international. 2010; 
27(5): 997-1012. 
[2] Parent-Thirion A, Vermeylen G, van Houten G, Lyly-Yrjänäinen M, Biletta I, Cabrita 
J, et al. Fifth European working conditions survey. Luxembourg: Eurofound, Publications 
Office of the European Union[Links]. 2012. 
[3] Rosekind MR. Managing work schedules: an alertness and safety perspective. 
Principles and Practice of Sleep Medicine: Expert Consult Premium Edition-Enhanced Online 
Features 4th ed Philadelphia, PA: Elsevier Health Sciences. 2005. 
[4] Samel A, Vejvoda M, Maass H. Sleep deficit and stress hormones in helicopter pilots 
on 7-day duty for emergency medical services. Aviation, space, and environmental medicine. 
2004; 75(11): 935-40. 
*[5] Nicol A-M, Botterill JS. Environmental Health: A Global Access Science Source. 
Environmental health: a global access science source. 2004; 3: 15. 
*[6] Bamberg E, Dettmers J, Funck H, Krähe B, Vahle‐Hinz T. Effects of On‐Call Work 
on Well‐Being: Results of a Daily Survey1. Applied Psychology: Health and Well‐Being. 
2012; 4(3): 299-320. 
[7] Australian Bureau of Statistics. 6342.0 - Working Time Arrangements, Australia, 
November 2012. 2012 [updated 2 May 2013; cited 2015]. Available from: 
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/6342.0Main%20Features2Novembe
r%202012?opendocument&tabname=Summary&prodno=6342.0&issue=November%202012
&num=&view=. 
 
 
22 
[8] Tobsch V, Matiaske W, Fietze S. Abrufarbeit. Die ständige Verfügbarkeit. 
PERSONALquarterly. 2012; 64(1): 26-9. 
[9] Arora VM, Georgitis E, Siddique J, Vekhter B, Woodruff JN, Humphrey HJ, et al. 
Association of workload of on-call medical interns with on-call sleep duration, shift duration, 
and participation in educational activities. Jama. 2008; 300(10): 1146-53. 
[10] Ozkarahan I. A scheduling model for hospital residents. Journal of Medical Systems. 
1994; 18(5): 251-65. 
[11] Ernst F, Rauchenzauner M, Zoller H, Griesmacher A, Hammerer-Lercher A, Carpenter 
R, et al. Effects of 24h working on-call on psychoneuroendocrine and oculomotor function: A 
randomized cross-over trial. Psychoneuroendocrinology. 2014; 47: 221-31. 
[12] Malmberg B, Kecklund G, Karlson B, Persson R, Flisberg P, Ørbaek P. Sleep and 
recovery in physicians on night call: a longitudinal field study. BMC health services research. 
2010; 10(1): 239. 
[13] Ware JC, Risser MR, Manser T, Karlson J, Karl H. Medical resident driving simulator 
performance following a night on call. Behavioral sleep medicine. 2006; 4(1): 1-12. 
*[14] Torsvall L, Åkerstedt T. Disturbed sleep while being on-call: An EEG study of ships' 
engineers. Sleep: Journal of Sleep Research & Sleep Medicine. 1988. 
*[15] Pilcher JJ, Coplen MK. Work/rest cycles in railroad operations: effects of shorter than 
24-h shift work schedules and on-call schedules on sleep. Ergonomics. 2000; 43(5): 573-88. 
[16] Lim C, Ong C, Phoon W. Work stress of firemen as measured by heart rate and 
catecholamine. Journal of human ergology. 1987; 16(2): 209-18. 
 
 
23 
[17] Paterson JL, Aisbett B, Ferguson SA. Sound the alarm: Health and safety risks 
associated with alarm response for salaried and retained metropolitan firefighters. Safety 
Science. 2016; 82: 174-81. 
*[18] Cebola N, Golightly D, Wilson JR, Lowe E. Fatigue, anxiety, and performance for on-
call safety critical decision makers in rail maintenance - a diary study. Rail Human Factors: 
Supporting reliability, safety and cost reduction. 2013: 328. 
*[19] Imbernon E, Warret G, Roitg C, Chastang J-F, Goldberg M. Effects on Health and 
Social Well-Being of On-Call Shifts: An Epidemiologic Study in the French National 
Electricity and Gas Supply Company. Journal of Occupational and Environmental Medicine. 
1993; 35(11): 1131-7. 
[20] Jay S, Thomas M, Weissenfeld A, Dawson D, Ferguson S. Doctors' sleep disturbance 
when on-call. Sleep and Biological Rhythms. 2008; 6(Suppl. 1): A32. 
*[21] O'Grady G, Loveday B, Harper S, Adams B, Civil ID, Peters M. Working hours and 
roster structures of surgical trainees in Australia and New Zealand. ANZ journal of surgery. 
2010; 80(12): 890-5. 
*[22] Richter A, Kostova P, Baur X, Wegner R. Less work: more burnout? A comparison of 
working conditions and the risk of burnout by German physicians before and after the 
implementation of the EU Working Time Directive. International archives of occupational and 
environmental health. 2014; 87(2): 205-15. 
*[23] Schauberger CW, Gribble RK, Rooney BL. On call: a survey of Wisconsin obstetric 
groups. American journal of obstetrics and gynecology. 2007; 196(1): 39. e1-. e4. 
[24] Fisher J, Bradshaw J, Currie BA, Klotz J, Robins P, Serle KR, et al. Violence and 
remote area nursing. Australian Journal of Rural Health. 1996; 4(3): 190-9. 
 
 
24 
[25] Krueger KJ, Halperin EC. Perspective: paying physicians to be on call: a challenge for 
academic medicine. Academic Medicine. 2010; 85(12): 1840-4. 
*[26] Chambers R, Belcher J. Predicting mental health problems in general practitioners. 
Occupational medicine. 1994; 44(4): 212-6. 
[27] Cooper CL, Rout U, Faragher B. Mental health, job satisfaction, and job stress among 
general practitioners. Bmj. 1989; 298(6670): 366-70. 
[28] French DP, McKinley RK, Hastings A. GP stress and patient dissatisfaction with nights 
on call: an exploratory study-GP stress and patient satisfaction. Scandinavian journal of 
primary health care. 2001; 19(3): 170-3. 
[29] Reid N, Moss P. The impact of the New Deal: Doctors' stress levels and their views. 
Stress medicine. 1999; 15(1): 9-15. 
[30] Rout U. Stress among general practitioners and their spouses: a qualitative study. 
British Journal of General Practice. 1996; 46(404): 157-60. 
[31] Sutherland VJ, Cooper CL. Job stress, satisfaction, and mental health among general 
practitioners before and after introduction of new contract. BMJ. 1992; 304(6841): 1545-8. 
[32] Sutherland VJ, Cooper CL. Job stress, satisfaction, and mental health among general 
practitioners before and after introduction of new contract. BMJ: British Medical Journal. 
1992; 304: 1545-8. 
[33] Burke HM, Davis MC, Otte C, Mohr DC. Depression and cortisol responses to 
psychological stress: a meta-analysis. Psychoneuroendocrinology. 2005; 30(9): 846-56. 
[34] Burke HM, Fernald LC, Gertler PJ, Adler NE. Depressive symptoms are associated 
with blunted cortisol stress responses in very low-income women. Psychosomatic Medicine. 
2005; 67(2): 211-6. 
 
 
25 
[35] Rosmond R, Björntorp P. The hypothalamic–pituitary–adrenal axis activity as a 
predictor of cardiovascular disease, type 2 diabetes and stroke. Journal of internal medicine. 
2000; 247(2): 188-97. 
[36] Violanti JM, Burchfiel CM, Fekedulegn D, Andrew ME, Dorn J, Hartley TA, et al. 
Cortisol patterns and brachial artery reactivity in a high stress environment. Psychiatry 
research. 2009; 169(1): 75-81. 
[37] Wolf JM, Nicholls E, Chen E. Chronic stress, salivary cortisol, and α-amylase in 
children with asthma and healthy children. Biological psychology. 2008; 78(1): 20-8. 
[38] Kaplan JR, Pettersson K, Manuck S, Olsson G. Role of sympathoadrenal medullary 
activation in the initiation and progression of atherosclerosis. Circulation. 1991; 84(6 Suppl): 
VI23-32. 
[39] Belenky G, Wesensten NJ, Thorne DR, Thomas ML, Sing HC, Redmond DP, et al. 
Patterns of performance degradation and restoration during sleep restriction and subsequent 
recovery: A sleep dose‐response study. Journal of sleep research. 2003; 12(1): 1-12. 
[40] Banks S, Dinges DF. Behavioral and physiological consequences of sleep restriction. J 
Clin Sleep Med. 2007; 3(5): 519-28. 
[41] Mullington JM, Haack M, Toth M, Serrador JM, Meier-Ewert HK. Cardiovascular, 
inflammatory, and metabolic consequences of sleep deprivation. Progress in cardiovascular 
diseases. 2009; 51(4): 294-302. 
[42] Benson M, Grimes I, Gopal D, Reichelderfer M, Soni A, Benson H, et al. Influence of 
previous night call and sleep deprivation on screening colonoscopy quality. The American 
journal of gastroenterology. 2014; 109(8): 1133-7. 
 
 
26 
[43] Rothschild JM, Keohane CA, Rogers S, Gardner R, Lipsitz SR, Salzberg CA, et al. 
Risks of complications by attending physicians after performing nighttime procedures. Jama. 
2009; 302(14): 1565-72. 
[44] Steiger A. Sleep and the hypothalamo–pituitary–adrenocortical system. Sleep medicine 
reviews. 2002; 6(2): 125-38. 
[45] Rodenbeck A, Huether G, Rüther E, Hajak G. Interactions between evening and 
nocturnal cortisol secretion and sleep parameters in patients with severe chronic primary 
insomnia. Neuroscience letters. 2002; 324(2): 159-63. 
[46] Buckley TM, Schatzberg AF. On the interactions of the hypothalamic-pituitary-adrenal 
(HPA) axis and sleep: normal HPA axis activity and circadian rhythm, exemplary sleep 
disorders. The Journal of Clinical Endocrinology & Metabolism. 2005; 90(5): 3106-14. 
[47] Richardson GS, Wyatt JK, Sullivan JP, Orav EJ, Ward AE, Wolf MA, et al. Objective 
assessment of sleep and alertness in medical house staff and the impact of protected time for 
sleep. Sleep. 1996; 19(9): 718-26. 
[48] Torsvall L, Castenfors K, Åkerstedt T, Fröberg J. Sleep at sea: a diary study of the 
effects of unattended machinery space watch duty. Ergonomics. 1987; 30(9): 1335-40. 
[49] Wuyts J, De Valck E, Vandekerckhove M, Pattyn N, Exadaktylos V, Haex B, et al. 
Effects of pre-sleep simulated on-call instructions on subsequent sleep. Biological psychology. 
2012; 91(3): 383-8. 
[50] Wright KP, Lowry CA, LeBourgeois MK. Circadian and wakefulness-sleep modulation 
of cognition in humans. Front Mol Neurosci. 2012; 5(50): 00050. 
 
 
27 
[51] WrightJr KP, Hull JT, Hughes RJ, Ronda JM, Czeisler CA. Sleep and wakefulness out 
of phase with internal biological time impairs learning in humans. Journal of Cognitive 
Neuroscience. 2006; 18(4): 508-21. 
[52] Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The 
PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate 
health care interventions: explanation and elaboration. Annals of internal medicine. 2009; 
151(4): W-65-W-94. 
[53] Cochrane Consumers & Communication Review Group. Data Extraction Template for 
Included Studies 2015. 
[54] Thomas H. Quality assessment tool for quantitative studies. Effective Public Health 
Practice Project McMaster University, Toronto. 2003. 
[55] Funck H. Rufbereitschaft und Gesundheit: Belastungsanalyse und 
Handlungsmöglichkeiten am Beispiel eines IT-Unternehmens: AV Akademikerverlag; 2012. 
[56] Balbo M, Leproult R, Van Cauter E. Impact of sleep and its disturbances on 
hypothalamo-pituitary-adrenal axis activity. International journal of endocrinology. 2010; 
2010. 
[57] Meerlo P, Koehl M, Van der Borght K, Turek F. Sleep restriction alters the 
hypothalamic‐pituitary‐adrenal response to stress. Journal of neuroendocrinology. 2002; 
14(5): 397-402. 
[58] Aardal E, Holm A-C. Cortisol in saliva-reference ranges and relation to cortisol in 
serum. Clinical Chemistry and Laboratory Medicine. 1995; 33(12): 927-32. 
[59] Dent RR, Guilleminault C, Albert L, Posner BI, Cox BM, Goldstein A. Diurnal Rhythm 
of Plasma Immunoreactive β-Endorphin and Its Relationship to Sleep Stages and Plasma 
 
 
28 
Rhythms of Cortisol and Prolactin*. The Journal of Clinical Endocrinology & Metabolism. 
1981; 52(5): 942-7. 
[60] Dockray S, Steptoe A. Chronotype and diurnal cortisol profile in working women: 
differences between work and leisure days. Psychoneuroendocrinology. 2011; 36(5): 649-55. 
[61] Lense MD, Tomarken AJ, Dykens EM. Diurnal cortisol profile in Williams syndrome 
in novel and familiar settings. American journal on intellectual and developmental disabilities. 
2013; 118(3): 201-10. 
[62] Bostock S, Steptoe A. Influences of early shift work on the diurnal cortisol rhythm, 
mood and sleep: within-subject variation in male airline pilots. Psychoneuroendocrinology. 
2013; 38(4): 533-41. 
[63] Edwards S, Evans P, Hucklebridge F, Clow A. Association between time of awakening 
and diurnal cortisol secretory activity. Psychoneuroendocrinology. 2001; 26(6): 613-22. 
[64] Kumari M, Badrick E, Chandola T, Adam EK, Stafford M, Marmot MG, et al. Cortisol 
secretion and fatigue: associations in a community based cohort. Psychoneuroendocrinology. 
2009; 34(10): 1476-85. 
[65] Kumari M, Badrick E, Ferrie J, Perski A, Marmot M, Chandola T. Self-reported sleep 
duration and sleep disturbance are independently associated with cortisol secretion in the 
Whitehall II study. The Journal of Clinical Endocrinology & Metabolism. 2009; 94(12): 4801-
9. 
[66] Pitts SR, Pines JM, Handrigan MT, Kellermann AL. National trends in emergency 
department occupancy, 2001 to 2008: effect of inpatient admissions versus emergency 
department practice intensity. Annals of emergency medicine. 2012; 60(6): 679-86. e3. 
 
 
29 
[67] Tang N, Stein J, Hsia RY, Maselli JH, Gonzales R. Trends and characteristics of US 
emergency department visits, 1997-2007. Jama. 2010; 304(6): 664-70. 
[68] Phillips B, Magan L, Gerhardstein C, Cecil B. Shift work, sleep quality, and worker 
health: a study of police officers. Southern medical journal. 1991; 84(10): 1176-84, 96. 
[69] Ferguson S, Paterson J, Hall S, Jay S, Aisbett B. On-call work: To sleep or not to sleep? 
It depends. Chronobiology International  
[70] Lockley SW, Skene DJ, Arendt J. Comparison between subjective and actigraphic 
measurement of sleep and sleep rhythms. Journal of sleep research. 1999; 8(3): 175-83. 
 
FIGURE LEGENDS AND CAPTIONS 
Figure 1: Schematic representation of the proposed relationship between stress physiology 
and sleep when working on-call from home. 
 = increase;  = decrease 
Figure 2: Flow diagram summarising the selection process 
n = number
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TABLES 
Table 1: Characteristics and major findings of studies relating to stress physiology and sleep 
Author (year) Sample size 
(n) 
Population 
investigated 
Age ± SD 
(years) 
Sex Method Outcome 
measures 
Key findings 
Chambers and 
Belcher, 1994 
[26] 
704 (674 
practicing, 30 
retired) 
Doctors 
(general 
practitioners) 
43.5 ± 
11.0 
M and F 
(81.2% 
M) 
 
Questionnaire Sleep difficulties Practicing vs. retired doctors 
↑ sleep difficulties 
Pilcher and 
Coplen, 2000 
[15] 
198 (162 on-
call, 36 regular 
work) 
Locomotive 
engineers 
44.01 ± 
6.67 
195 M,  
3 F 
14-day activity 
log 
Sleep quantity, 
Sleep quality 
(ability to go to 
sleep, ability to 
stay asleep, 
feeling of 
On-call workers vs. regular 
assignments 
↓ sleep quantity  
↑ difficulty going to sleep and 
difficulty staying asleep 
↔ feeling of restedness upon 
awakening 
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restedness on 
awakening) 
Imbernon et 
al., 2007 [19] 
340 
questionnaire, 
282 weekly 
report form 
(115 exposed, 
167 not 
exposed) 
Gas and 
Electricity 
supply 
company 
supervisors 
43.6 ± 0.4 M Questionnaire 
3 week sleep 
diary 
Sleep quantity 
Sleep quality 
(interruptions, 
tiredness upon 
awakening, time 
to fall asleep) 
On-call exposed vs.  
not on-call not exposed 
↔ sleep quantity, interruptions, 
tiredness upon awakening 
On-call vs. not on-call (exposed) 
↓ sleep time 
↑ time to fall asleep, difficulty falling 
asleep after being woken and 
tiredness upon awakening 
Schauberger 
et al., 2007 
[23] 
66 Obstetricians Not 
reported 
Not 
reported 
Questionnaire Sleep deprivation No comparisons were made 
13% occasional/frequent concern 
87% seldom/never a concern 
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O’Grady et 
al., 2010 [21] 
616 Surgical 
trainees 
Not 
reported 
M and F 
(% not 
reported) 
Questionnaire Sleep quantity 
Sleep quality 
(interruptions) 
No comparisons were made  
Median total sleep: 5–7 h (54%), 
38% 3–5 h, 3% ≤ 3 h  
Median uninterrupted sleep: 3–5 h 
(52%), 24% ≤ 3 h  
Bamberg et 
al., 2012 [6] 
31 Information 
Technology 
workers 
71% aged 
30-49 
 30 M, 
1 F 
4 days on-call, 4 
days off-call. 
Daily survey 
Salivary cortisol 
Salivary cortisol 
Sleep quality 
On-call vs. not on-call 
↔ sleep quality and evening salivary 
cortisol 
Cebola et al., 
2013 [18] 
24 Network Rail 
infrastructure 
maintenance 
managerial 
staff 
59% aged 
25-44, 
25% aged 
45-56 
6.9% 
aged > 56 
or < 25 
M 2-week sleep 
diary 
Bed time 
Up time 
Sleep latency 
Sleep quantity 
Sleep quality 
On-call vs. not on-call 
↔ bed time, get up time, sleep 
latency and sleep quantity 
↓ sleep quality 
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Richter et al., 
2014 [22] 
1997: 328 
2007: 994 
Hospital 
physicians 
39.4 ± 9.1 
1997; 
39.8 ± 9.3 
2007 
M and F 
(1997: 
70.6% M; 
2007: 
63.4% M) 
Questionnaire Sleep quantity 
Sleep quality 
(interruptions)  
2007 vs. 1997 
↓ sleep quantity 
↓ sleep quality (↑interruptions) 
 
↔ = no difference (p > 0.05); ↑ = significantly higher (p < 0.05); ↓ = significantly lower (p < 0.05); F = female; M = male; SD = standard 
deviation. All data presented as mean ± standard deviation unless otherwise indicated.
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Table 2: Quality assessment of studies using the Effective Public Health Practice Project Quality Assessment Tool for Quantitative Studies. 
Study Selection 
Bias 
Study 
Design 
Confounders Blinding Data 
Collection 
Method 
Withdrawal 
and Dropout 
Global 
Score 
Chambers and Belcher, 1994 [26] 1 3 1 3 3 1 Weak 
Pilcher and Coplen, 2000 [15] 3 2 1 3 3 1 Weak 
Imbernon et al., 2007 [19] – Case-control 2 2 1 3 2 1 Moderate 
Imbernon et al., 2007 [19] – Cohort 2 2 1 3 2 1 Moderate 
Schauberger et al., 2007 [23] 3 3 1 3 1 1 Weak 
O’Grady et al., 2010 [21] 3 3 1 3 3 3 Weak 
Bamberg et al., 2012 [6] 2 2 1 3 3 1 Weak 
Cebola et al., 2013 [18] 3 2 1 3 1 2 Weak 
Richter et al., 2014 [22] 1 3 1 3 3 2 Weak 
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‘1’ = strong; ‘2’ = moderate; ‘3’ = weak. Global scores were determined by the number of strong, moderate and weak scores for each paper. To 
obtain a ‘strong’ global score a study needed four or more strong ratings and no weak ratings, a ‘moderate’ global score required less than four 
strong ratings and no more than one weak rating, and a ‘weak’ global score occurred when a study had two or more weak ratings. 
 
 
 
